The product distributions of octahedra 1 and 2 are shown in the bottom right.
Supplementary Figure 19.
ORTEP drawing of (AAAA)-2 (displacement ellipsoids for all non-H atoms at the 50% probability level).
Supplementary Figure 20.
ORTEP drawing of (CAAA)-2 (displacement ellipsoids for all non-H atoms at the 50% probability level).
Supplementary Figure 21.
ORTEP drawing of (CCCC)-3 (displacement ellipsoids for all non-H atoms at the 50% probability level).
Supplementary Figure 22.
ORTEP drawing of (CCCA)-3 (displacement ellipsoids for all non-H atoms at the 50% probability level). 
Supplementary Methods
Synthesis of Tr-a: Tr-a was prepared according to the literature report 1 . Truxene (51.4 g, 150 mmol), dimethyl sulfoxide (500 mL), and potassium t-butoxide (101 g, 900 mmol) were mixed in a three necked round bottom flask (2 L) under nitrogen atmosphere. The flask was cooled to 0 ºC and stirred viciously. n-Butyl bromide (123 g, 900 mmol) was then slowly added to the flask, and the reaction was returned to room temperature. After 12 hours, other three batches of potassium t-butoxide (900 mmol × 3) and n-butyl bromide (900 mmol × 3) were added subsequently and stirred for 20 hours.
The reaction was quenched with water (1 L) and ethyl acetate (300 mL) and the organic layer was Single-crystal X-ray diffraction. FRP were dissolved in toluene (1 mL) and layered with hexane (2 mL) on top. Transparent block crystals were grown within three to seven days. Single crystal X-ray diffraction data were collected on Rigaku SuperNova X-Ray single crystal diffractometer using Cu Kα (λ = 1.54184 Å) micro-focus X-ray sources. Suitable crystal was collected, covered with protective oil and mounted on X-ray diffractometer. The octahedra contain only light elements (i.e., C, H, and N) and the crystal cracks within seconds in air. The crystal was kept in 100 K with liquid nitrogen stream during the unit cell determination and full data collection. The raw data were collected and reduced by CrysAlisPro software, the structures were solved with the SHELXS 4 or SHELXT 4 using Direct Methods and refined with the SHELXL 4 using CGLS minimization, and OLEX2 5 were used as GUI. The CD spectra were calculated at ZINDO 8, 9 semi-empirical level with Gaussian 09 10 and used the energy-minimized structures optimized by the COMPASS II force-field. The electronic transitions were then fitted to a Lorentzian distribution to generate the spectra.
